o 



WORLD INTELLECnJAL PROPERTY ORGANIZATION 
lutematioaal Bureau 




PCX 

INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 
G02C 7/04 



Al 



(11) International Publication Number: WO 95/08135 

(43) International Publication Date: 23 March 1995 (23.03.95) 



(21) International Application Number: PCT/US94/1Q277 

(22) International Filing Date: 13 September 1994 (13.09.94) 



(30) Priority Data: 
08/120^70 



13 September 1993 (13.09.93) US 



(71)(72) Applicants and tnyentors: MILLER, David [US/US]; 9 
Francis Street, Brooldine, MA 02146 (US). MESHEL, Leroy 
[USAJS]; #2 Pomery, Ross. OA 94957 (US). 

(74) Agents: HAMMTTIE, Ann, Lamport et al.; Lahive & Cock- 
aeld, 60 State Street. Boston. MA 02109 (US). 



(81) Designated States: AU, CA, JP. European patent (AT, BE, 
CH. DE, DK, ES, FR, GB, GR, IE, IT. LU. MC, NL, FT, 
SE). 



Published 

With international search report. 



(54)Titie: ANNULAR MASK CONTACT LENSES 
(57) Abstract 

An annular mask contact lens (10) designed to operate with 
the normal functioning of the human pupU. An annular mask 
(18) forms a small pinhole-like aperture (20) on the contact lens 
(10) enabling continual focus conectioa The outer diameter of 
the annular mask (18) allows the wearer to transmit more light 
energy through the pupil as brighmess levels decrease. The contact 
lens (10) may be structured with two separate and distinct optical 
corrections, both at the small aperture region and in the region 
beyond the annular mask. Functional imaging is thus achieved for 
both bright and dim lighting, and over a wide range of viewing 
distances. Cosmetic and peripheral vision enhancement is also 
provided by the contact lens constructed according to the invention. 




BEST AVAILABLE COPV 



1 




FOR THE PURPOSES OP INFORMATION ONLY 

Codes used to identify States party to the PCX on the front pages of pamphlets publishing incemational 
applications under the PCX. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


AustraliA 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


HL 


Netherlands 


BF 


Burkina Faso 


HU 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


rr 


Italy 


PL 


Poland 


BR 


BrazU 


jp 


Japan 


PT 


Portugal 


BY 


BeUius 


KE 


Kenya 


RO 


Romania 


CA 




KG 


Kyrgystan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Deoncntic People's Republic 


SD 


Sudan 


CG 


Congo 




of Kotoi 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


CI 


Cdte d*Ivoiie 


KZ 


Kazakhstan 


SK 


Stovakia 


CM 


Cameroon 


LI 


Liechtenstein 


SN 


Senegal 


CN 


China 


LK 


Sri Lanka 


TD 


Chad 


CS 


Czechoslovakia 


LU 


Liaembourg 


TG 


Togo 


CZ 


Czech Republic 


LV 


Latvia 


TJ 


Tajtkistao 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United Statea of America 


FI 




ML 


Mali 


UZ 


Uzbekistan 


FR 


FVancc 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 









o n 



WO 95/08135 ^ PCT/US94/10277 



ANNULAR M ASK CONTACT LENSES 



Rackground of the Invention 

This invention concerns a contact lens for vision correction and, in particular, annular 
mask contact lenses and related methodology. 

Contact lenses are commonplace today. Most individuals vnUi average refractive 
errors can quickly and easily acquire and use these lenses in place of prescription eye glasses. 
This is not true, however, for individuals who are presbyopic, i.e., those requiring multi-focal 
visual correction, or for those individuals with structural eye abnormalities. These 
individuals are left with little choice in selecting comfortable, effective contact lenses. Lenses 
which are available typically encumber these wearers with other difficulties, and are usually 
very expensive. Presbyopic individuals, for example, who choose to wear soft contact lenses 
are usually fitted in a "monovision" mode, where one eye is corrected for near vision, and the 
other eye is corrected for far vision. Further, the commercially available soft multifocal 
contact lenses are effective only for early presbyops, and are difficult to fit and to produce 
consistently. 

The long felt need to develop more versatile multifocal lenses has led designers to 
pinhole contact lenses. These lenses endeavor to utilize the known theories of pinhole 
imaging, commonly understood in optics as a method to reduce geometrical aberrations, e.g., 
astigmatism, spherical aberration, and coma. By restricting a person's vision to a small 
"pinhole" aperture, visual deficiencies can be reduced or effectively removed. Unfortunately, 
the utility of this technology has been diluted because of designs and approaches 
inappropriate for effective corrective refractive prescriptions. For upwards of 50 years, 
pinhole contact lenses have been under consideration, yet they remain today commercially 
imsuccessful and largely unavailable. As a result, wearers afflicted with relatively poor 
vision are typic8dly \maided by contact lenses. 

"Multiple Focal Contact Lenses", as described in U.S. Pat. No. 3,794,414, was one 
attempt to develop small-aperture contact lenses. This approach combined a pinhole-like 
aperture with radial slits and scalloped masking regions on a contact lens supposedly to 
correct both peripheral vision and the effects related to decentered contact lenses. The 
contact lenses were made fi-om a rigid substrate, and "floated" on the eye, creating a need for 
apertures over a large portion of the lens. The disclosed designs though, i.e., the use of 
scalloped patterns and radial slits, actually encourage diffraction effects at the retina. This 
reduces image quality. The nature of small-aperture correction is to correct geometrical 
aberrations in excess of diffraction. Therefore, the benefits achieved according to that patent 
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by incorporating the small, pinhole-like, aperture, are likely to be offset by undesirable 
diffraction effects. 

In addition, the teachings in the aforementioned patent do not generally consider tiie 
normal functioning of the human pupil. One significant drawback in pinhole imaging is ■ 
energy starvation. Small-aperture lenses improve image quality, but at the same time block 
significant amounts of light energy firom reaching the retina. Under dim lighting conditions, 
a human pupil normally dilates. Without proper consideration, a small-aperture contact 
would equivalently place a person into darkness, even though the lighting is only dim or low. 

Pinhole correction together with the normal functioning of the himian pupil is 
considered in U.S. Pat No. 4,955,904, which presents an intraocular lens surgically 
implanted within the eye. The patent, entitled "Masked Intraocular Lens and Method for 
Treating a Wearer With Cataracts", affords cataract wearers some form of vision correction 
through surgery. The intraocular lens is masked to form a pinhole that accommodates the 
function of the human pupil under different lighting conditions. But, intraocular lenses have 
operational and other drawbacks. They are not contact lenses; surgery is required and the 
lens must be permanentiy implanted with precision, typically through the use of man-made 
loops. Furthermore, because of material requirements for implantation, these impenetrable 
lenses can transmit little or no oxygen, a feature widely available in contact lenses. Contact 
lenses, in addition, are conveniently installed and removed by the wearer, and are held in 
place on the eye through tear and lid tension. 

With this background, an object of this invention is to provide an improved small- 
aperture contact lens, and in particular, one which accommodates the normal function of the 
human pupil. 

Another object of this invention is to present a contact lens which provides functional 
imaging during both bright and dim lighting conditions, and over a wide range of viewing 
distances. 

Yet another object of this invention is to provide a small-aperture contact lens and 
related methodology to reduce the appearance of pinhole contact lenses on the eye of the 
wearer. 

Other objects of the invention are evident in the description that follows. 
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Summary of the Invention 

The present invention provides, in one aspect, improvements to a contact lens that has 
a transparent lens body. The lens body has a first surfece configured, for the most part, to 
5 conform to the eye curvature of the wearer. A second surface, opposite to the first surface, is 
optically configured, in relation to the first surface, to correct the vision of the wearer for a 
focus between near and far objects. The lens body has a mask that forms an annulus pattem 
with a small, so-called pinhole aperture. The annular mask is arranged to accorxmiodate the 
pupil of the wearer over different viewing distances and differing brightness levels. Thus, 

1 0 during average light conditions, the annular mask reduces the light energy through the pupil 
of the wearer; and in dimmer light conditions, Ihe aimular mask permits relatively more light 
energy to pass through dilated pupil of the wearer to reach the retina. In a preferred aspect, 
the annular mask is sized such that, during dim lighting conditions, the wearer's dilated pupil 
is larger than the denser section of the annular mask and substantially unrestricted light 

1 5 energy passes outside the annular mask region and through the wearer's pupil. 

In another aspect according to the invention, the second surface of the contact lens has 
an optical configuration outside the annular mask region which corrects the vision of the 
wearer selectively at a focus between and including near and far objects. Thus, the second 
20 surface forms a multi-powered surface: within the annular mask, the second surface corrects 
the wearer's vision selectively at a first distance; and outside the annular mask, the second 
surface corrects the wearer's vision selectively at a second distance. Preferably, the first 
distance is an intermediate one, between near and far objects; and the second distance is at far 
objects. 

25 

In other aspects, the first and/or second surface of a contact lens constructed 
according to the invention includes an optical correction. For example, the first and/or second 
surfaces has an aspheric, concave, or toric form to correct certain deficiencies in the vision of 
the wearer. The second surface can additionally have a convex form as an optical correction. 

30 

In yet other aspects according to the invention, the lens body is made with oxygen 
permeable material, or with flexible polymer material to form a rigid or soft contact lens. 

A contact lens constructed in accordance with the invention has further aspects 
35 relating to physical dimensions. For example, in one aspect, the lens body has an outer 

diameter of between approximately seven and eighteen millimeters. In another aspect, the 
pinhole aperture has a diameter of between approximately one-half and three millimeters. In 
Einother aspect, the annular mask region forms an annulus with a radial v^'idth of between 
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approximately one-half and four millimeters. Preferably, however, the annular mask region 
has a total diameter of approximately four and one-half millimeters. 

In yet another aspect, a contact lens constructed according to the invention has a lens 
5 body which is selectively colored or tinted. This coloring can be employed for cosmetic 
reasons, as well as to improve the function of the annular mask. 

The annular mask region is selectively patterned, colored or tinted, in another aspect, 
to further reduce the appearance of the annular mask region when viewed on the wearer. For 

10 example, one patterned annular mask according to the invention is feathered along its outer 
circumference or border, such that the edge contrast of the annular mask is degraded. In a 
preferred aspect, the annular mask region is selectively colored or tinted to match, enhance, 
or otherwise change the appearance of the iris color of the wearer. This too can be for 
cosmetic reasons; and additionally it can reduce or modify the appearance of the annulus 

15 when viewed on the wearer's eye. 

In still another aspect, a contact lens constructed according to the invention has an 
annular mask with an optical transmissivity in the visible electromagnetic spectrum between 
approximately zero and ninety percent. In one preferred aspect, the chosen transmissivity is 

20 achieved through a plurality of light-blocking dots, arranged for selectively reducing the 

transmission of light energy through the annular mask region by between approximately ten 
and one hundred percent. In another aspect, the annular mask region is selectively 
translucent, thereby reducing and diffusing light to the wearer's pupil. In most practical 
applications, the amoimt of transmissivity through the annular mask is relatively small, 

25 typically less than twenty percent 

A contact lens constructed in accordance with the invention is preferably shaped or 
weighted to restrict the motion of the lens body relative to the eye of the wearer to less than 
approximately one and one-half millimeter. For example, and in one aspect, a prism ballast 
30 weight with the lens body reduces unwanted motion of the lens on the eye. In still another 
aspect, weighting or shaping of the lens body centers the pinhole aperture created by the 
annular mask at the optimal position on the eye of the wearer. 

In still another aspect in accordance with the invention, the annular mask region has at 
35 least one transmissive artifact that is free from obscuration, such as the obscuration forming 
the selectively transmissive annular mask region. The transmissive artifact thus represents an 
area that transmits light energy through the lens body with a transmission similar to the 
transmission of light energy through the pinhole aperture. Preferably, the transmissive artifact 
has a geometrical optical arrangement that improves the peripheral vision of the wearer. The 
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artifact has a shape and size which does not create unwanted diffraction effects. For example, 
one acceptable transmissive artifact pattern is created by three slits arranged in 60° arcs about 
the annulus. 

The invention provides, in another aspect, methodology to manufacture a contact lens, 
including the steps of: (1) forming a contact lens body with a first surface configured to 
conform to the eye curvature of a wearer and with a second surface configured to correct the 
vision of the wearer selectively at a focus between and including near and far objects; and (2) 
providing an annular mask region of selected optical transmissivity with the lens body. 
According to this aspect, the annular mask region forms a substantially pinhole-like aperture 
which transmits light energy through the pupil of the wearer. The annular mask region further 
reduces light energy through the pupil of the wearer during average lighting conditions, while 
permitting more light energy to pass through the pupil of the wearer during lower lighting, 
conditions as the pupil dilates. 

In a preferred aspect, the method includes the fiirther step of providing an optical 
correction outside the annular mask region to correct the vision of the wearer selectively at a 
focus between and including near and far objects, thus forming a multi-powered second 
surface. 

In yet other aspects, the method includes the step of providing an optical correction, 
such as with an aspheric, toric, convex or concave form, on the second surface of the lens 
body. Alternatively, or additionally, the method includes the step of providing an optical 
correction, such as with an aspheric, toric or concave form, on the first surface. 

In yet other aspect, the method includes the further step of optimizing the size of the 
annular mask region to fit the particular pupil size of the wearer. In still another aspect, 
additional mask is provided to selectively block portions of the wearer's pupil that contribute 
undesirable image effects, such as created by those portions of the eye that are damaged or 
scarred. 

A method according to the invention includes, in still other aspects, the step of 
weighting or shaping the lens body to maintain a particular orientation on the eye of the 
wearer. The lens body can also be weighted or shaped to center the aperture at the pupil of the 
wearer. In a preferred aspect, a method for manufacturing a contact lens in accordance with 
the invention includes the step of configuring the lens body, e.g., with a weight such as a 
prism ballast or with shaping of the lens body, such that the lens body is restricted for 
movement of less than approximately one and one-half millimeters relative to the eye of the 
wearer. 
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In Other aspects, a method according to the invention includes alternative or additional 
steps for forming the annular mask region. For example, in one aspect the aimular mask is 
formed by providing light-blocking areas with or within the lens body that are arranged to 
5 reduce the transmission of light energy selectively through the annular mask region by 
between approximately ten and one hundred percent In one practice according to the 
mvention, transmission through the annular mask is reduced by disrupting the refractive 
power of the lens in the area of tihe aimular mask by laser or chemical etching, or by physical 
abrasives. In a related aspect, the annular mask is formed by providing variably transmissive 
1 0 coatings with the lens body such that light energy is selectively transmitted through the 

annular mask region by between approximately zero and ninety percent. Typically, however, 
the transmission through the annular mask is less than twenty percent Alternatively, and in 
another aspect, a light-restricting element is employed within the lens body to form the 
annular mask region. 



One aspect of the invention includes the step of forming light transmitting artifacts 
within the annular mask region. These transmitting artifacts represent areas that transmit light 
energy through the lens body with a transmission similar to that of the aperture. Accordingly, 
these transmitting artifacts are not optically opaque, but rather freely transmit light energy 
20 through the wearer's pupil, much like the aperture does. The transmitting artifacts are 

preferably arranged in a geometrical optics configuration to improve the peripheral vision of 
the wearer. They are also arranged to reduce unwanted diffraction effects caused by the 
artifacts at the retina. 

25 In a preferred aspect, a method according to the invention includes the further step of 

patteming, coloring, or tinting the annular mask region to reduce the appearance of the 
annular mask when viewed on the eye of the wearer. Feathering techniques, for example, 
create acceptable patterns which tend to reduce the annular mask appearance. 

30 In still another aspect, the invention provides for a non- surgical method for treating 

wearers with visual aberrations, including the steps of: (1) fitting at least one eye of a wearer 
with a first contact lens configured to correct the vision of a wearer at a focus between and 
including near and far objects; and (2) providing an annular mask region of selected optical 
transmissivity to the contact lens. In this method, the annular mask region is arranged to form 

35 a substantially pinhole-like aperture for the pupil of the wearer. The annular mask region 
substantially obscures the pupil of the wearer during average lighting conditions except for 
the small aperture, while permitting more light energy to pass through the pupil of the wearer 
during lower lighting conditions, such as when the pupil dilates. 
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A non-surgical method as described above can include the additional steps of (1) 
fitting only one eye of the wearer with the first contact lens and (2) fitting the other eye with 
a different contact lens, e.g., one of selected power, and one that is substantially free of an 
annular mask region. , 

The advantages of a contact lens constructed in accordance with the invention are 
several. The lens improves a wearer's vision over a wide range of viewing distances. The 
lens improves a wearer's vision during differing brightness conditions by incorporating the 
normal function of the human pupil in the size of the aimuiar mask. Moreover, complex 
vision correction is possible with the invention by providing a multi-powered contact lens. If 
a wearer has an area on the iris which is damaged or surgically removed, these portions can 
be selectively blocked, according to the invention, for further vision improvement. A contact 
lens according to the invention does not encourage diffraction effects, thereby avoiding a 
reduction in visual acuity. A contact lens according to the invention also achieves an 
acceptable cosmetic appearance, unlike known pinhole contact lenses; in particular, with the 
lens of the invention, the annular mask has a reduced appearance when viewed on the eye of 
the wearer. 

These and other aspects and features of the invention will be more fully understood in 
the detailed description which follows. 

Brief Descri ption of the Drawings 

For a fuller understanding of the nature and objects of the invention, reference should 
be made to the following detailed description and the accompanying drawings, in which: 

FIGURE 1 is a plan view of an annular mask contact lens constructed in accordance 
with the invention; 

FIGURE 1 A is a diametrical sectional view of the lens of FIGURE 1 ; 

FIGURE IB is a diametrical sectional view of the lens of FIGURE 1 with a prism 

ballast; 

FIGURE IC is a diametrical sectional view of the lens of FIGURE 1 with an internal 
light-blocking element forming the annular mask; 



FIGURE 2 illustrates an annular mask contact lens according to FIGURE 1 and its 
relation to the human pupil during average light conditions; 
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FIGURE 2A is a diametrical sectional view of the lens of FIGURE 2; 



5 



FIGURE 3 illustrates an annular mask contact lens constructed according to the 
invention and its relation to the human pupil where the annulus is smaller than the wearer's 
dilated pupil xmder dim lighting conditions; 



V 



FIGURE 3A is a diametrical sectional view of the lens of FIGURE 3; 



10 



FIGURE 4 shows the contact lens of FIGURE 1 with a feathered annulus; 



FIGURE 5 shows the contact lens of FIGURE 1 with light-transmitting artifacts; 



FIGURE 6 illustrates a bi-powered annular mask contact lens constructed in 



1 5 accordance with further features of the invention; and 

FIGURE 7 illustrates an annular mask contact lens constructed in accordance with 
further features of the invention and which selectively blocks portions of the human pupil. 

20 Pescriptipn of lUugtr^ted jSmbgdimfflts 

FIGURES 1 and lA show a contact lens 10 constructed in accordance with the 
invention: FIGURE 1 shows the contact lens 10 in a front view; while FIGURE lA shows the 
contact lens 10 in a side sectional view. The contact lens 10 has a transparent lens body 12 
25 that is manufactured by known techniques and methods in the art. 

In accordance with the improvements of the invention, the lens body 12 has a first 
surface 14 optically configured, e.g., with a concave form, to conform to the eye curvature of 
the wearer. The lens body 12 has a second surface 16 optically configxired, e.g., with a 
30 convex form, to correct the vision of the wearer selectively at a focus between and including 
far and near objects. Focusing is achieved both by the contact lens 10 and by the refractive 
capability of the wearer's eye. 



35 to the particular needs of the wearer. In a preferred embodiment, the annular mask 1 8 is 
opaque such that it blocks light energy at the lens body 12. The annular mask 18 is further 
arranged to form a substantially pinhole-like aperture 20 at the wearer's optical line-of-sight 
22, which is approximately at the center of the lens body 12. The aperture 20 is prefer:.bly 



The contact lens 10 has an armular mask 18 that is selectively transmissive according 
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arranged to be concentric with the wearer's pupil, which could be off-center with respect to 
the curvature of the cornea. 

- Constructed in this fashion, the contact lens 10 operates as a pinhole imager and 
5 increases the depth of focus for objects viewed by the wearer. Light rays from a single object 
in the field of view, and entering the pinhole aperture 20, are more tightly imaged at the 
retina than in the absence of the lens 10. This reduces the blxirring at the retinal image and 
increases the wearer's visual acuity. Normally, the typical geometrical vision deficiencies 
encountered in wearers, like myopia, hyperopia, astigmatism, and presbyopia, spread out the 
1 0 light rays reaching the retina from a single object point in the field of view, thereby reducing 
image contrast. The pinhole aperture 20 limits these light rays to a small bundle entering the 
eye pupil, and thereby improves image contrast. Visual acuity is also improved over a large 
range of viewing distances because defocus effects are less noticeable with the reduced 
blurring of the image at the retina. 

15 

The pinhole aperture 20 is sized to provide pinhole imaging improvement for the 
wearer's vision deficiency. The aperture 20 is smaller than the wearer's pupil size during 
average lighting conditions to improve vision clarity during such conditions. Preferably, 
however, the aperture 20 is smaller - or approximately equivalent to - the pupil of the wearer 
20 during bright light conditions. With this latter sizing, the wearer has improved vision clarity 
even during bright lighting conditions. 

Thus the aperture 20 is less than approximately four millimeters, to accommodate the 
variety of pupil diameters under average lighting conditions. Since the contact lens may not 

25 always center over the wearer's pupil, the lens 10 is preferably fitted first, and the position of 
the annidus 1 8 noted, and the lens 10 then made to special order according to the fitting so 
the annulus 1 8 centers over the wearer's pupil. In a preferred embodiment, the lens body 12 is 
weighted, e.g., with a prism ballast 17 in FIGURE IB, or shaped to center the aperture 20 at 
the optimal location on the eye of the wearer, and to reduce the movement of the contact 10 

30 on the wearer's eye, preferably to less than approximately one and one-half millimeters. 
Accordingly, the lens 10 is held in a relatively constant position on the eye of the wearer, 
thereby maximizing the lens 10 for central vision while reducing the possibility of a 
reduction in the peripheral field by decentering and other excessive movements. 

35 At the same time, the pinhole aperture 20 desirably is greater than the diameter at 

which diffraction effects start to degrade image quality. In general, the benefits achieved by 
the pinhole aperture 20 can be destroyed by diffraction if very small apertures are 
incorporated into the pinhole contacts lenses. Such small apertures that have these adverse 
results include radial slits and scalloped patterns. Diffraction can actually increase the 
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blurring of the retinal image such that the wearer's vision is degraded rather than improved. 
Thus, to avoid unacceptable dif&action effects, the lower limit of a pinhole aperture in a 
usable contact lens is approximately one-half millimeter. 

5 Therefore, the diameter of the pinhole aperture 20 is generally greater than one-half 

millimeter and less than four millimeters. In a preferred embodiment, the pinhole aperture 20 
is approximately two millimeters in diameter. 

In addition, the radial vddth of the annular mask 18, from the inside edge 24 to the 
1 0 outside edge 26, is preferably between approximately one-half and four millimeters. This 

dimension is sized in the practice of the invention to accommodate the normal function of the 
human pupil, as described below. Typically, the annular mask 18 has a diameter of 
approximately four and one-half millimeters, 

15 The lens body 12 can be constmcted with material to form a hard, gas permeable lens, 

or, alternatively, to form a soft contact lens, e.g., with a flexible soft polymer material. 
Combinations of these materials are also suitable to form a composite contact. The outer 
diameter of the lens body 12 is approximately seven to eighteen millimeters, depending upon 
the wearer's eye size. 

20 

It can be appreciated that the dimensions of the annular mask 1 8 can be adjusted for a 
particular wearer. For example, the aimular mask 18 can be sized for a particular pupil, or 
further optimized for a desired visual correction. 

25 For ease of manufacture, the second surface 16 is appropriately configured and 

powered to correct the vision of the wearer for distant objects. In a preferred embodiment, 
however, the second surface 16 is configured within the annular mask 18, i.e., at the pinhole 
aperture 20, to correct the wearer's vision at an intermediate focus, approximately midway 
between near and far objects. According to this embodiment, the lens 20 is multi-powered: 

30 the lens body 10 corrects the wearer's vision for far objects outside the aimular mask 1 8, and 
corrects for intermediate objects within the pinhole aperture area. 

It should be apparent to those skilled in the art that other multi-powered corrections 
are possible without departing from the scope of the invention. 



The contact lens 1 0 typically corrects the wearer's vision by forming an optical 
correction on the second surface 16. Common corrections include convex, concave, toric, and 
astigmatic fomis. Alternatively, or in conjunction with the an optical correction on the second 
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surface, the first surface can similarly include an optical correction, such as with a toric, 
astigmatic, or concave form. 

FIGURES 2 and 2 A illustrate the relationship of the annular mask contact Jens 10 of 
5 FIGURES 1 and 1 A to the wearer's contracted pupil 28 during average conditions. Light rays 
30 show the bundle of light from a far object point which passes through the wearer's pupil 
28 without the contact lens 10. Light rays 32 show the smaller bundle of light from the same 
object point which passes through the wearer's pupil with the contact lens 10. Light rays 32 
pass by the edge of the pinhole aperture 20 and do not pass by the edge of the human pupil 
10 28. The light rays 32 are focused by the contact lens 10 and by the eye's refractive portions 
34. 

Under normal viewing, without the contact lens 10, the wearer's retina 36 would 
receive all the light energy from the light rays 30. The light rays 30 would pass by the edge 
15 of the eye pupil 28 and eventually reach the retina 36, where the light energy is converted 
into signals perceived by the brain. 

However, while viewing through the contact lens 10 under average light, or daylight, 
conditions, the pinhole aperture 20 created by the annular mask 1 8 restricts the effective light 
20 transmitting aperture so that only the light rays 32 pass through the eye pupil 28 and to the 
retina 36. Because the light rays 32 constitute a smaller geometrical extent upon the eye's 
refractive portions 34, as compared to the light rays 30, the aberrations and/or defocussing 
effects at the retina 36 are reduced. 

25 FIGURE 2A shows that the functional size of the eye pupil 28 is optically larger than 

the effective diameter created by the pinhole aperture 20 of the contact lens 10 under average 
light conditions. The light rays entering the eye through the pinhole aperture 20 are restricted 
to a smaller geometrical extent, as compared to the light rays which would otherwise pass 
through the eye pupil 28, The smaller bundle of light passing through the pinhole aperture 

30 20 is thus more tightly focused at the retina, thereby improving the clarity of objects viewed 
by the wearer. 

In contrast to FIGURES 2 and 2 A, FIGURES 3 and 3 A show one embodiment of a 
contact lens 11, similar to the contact lens 10 of FIGURES 1-2, constructed in accordance 
35 with the invention whereby the outer diameter of the annulus 19 is sized to accommodate a 
wearer's dilated pupil 28 during lower light conditions. The bundle of light rays 38 from the 
same object point strikes the contact lens 1 1 in the regions 40, 42, and 44, and are focused at 
the retina 36 by the contact lens 1 1 and the eye's refractive portions 34. The eye pupil 28 is 
illustratively shown as the wearer's limiting aperture under normal viewing without the 
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contact lens 1 1 , where the wearer would receive light energy from all the light rays 38. The 
light rays 38 would pass through the edge of the pupil 28 and eventually reach the retina 36. 
Because of the dimmer . lighting, the wearer's pupil 28 has dUated from its size shown in 
FIGURES 2 and 2A to acquire more light energy at the retina 36. The widely dilated pupil 
5 occurs most readily under dim illumination when a person's attention is primarily drawn to 
distant objects. 

The annular mask 19 of fiie contact lens 1 1 is sized to increase the available 
transmission through the pupil 28 and to the retina 32 under dimmer lighting, as compared to 

10 average light conditions shown in HGURE 2. As seen in FIGURE 3A, the pupil 28 is 
optically larger than the effective diameter of the annular mask 19 after the wearer's pupil 
dilates. During lower Ught conditions, the wearer can thus receive light rays 38 at the retina 
36 through the transmitting regions 40 and 42. The energy passing through the region 40 is 
transmitted through the pinhole 21, and to the retina 36. The light energy passing through the 

15 region 42 is transmitted outside the annular mask 19 and to the retina 36. Some of the light 
rays 38 are blocked at the region 44 by the annular mask 19. 

Accordingly, the contact lens 1 1 increasingly transmits more of the light rays 38 as 
the wearer's pupil size increases or dilates. The wearer is, therefore, better able to discern the 
20 same objects which were viewed under brighter conditions. 

Alternatively to, or in conjunction with, the contact lens 1 1 illustrated in FIGURES 3 
and 3 A, the annular mask 18 (FIGURES 1-2) or 19 (FIGURE 3-3 A) is variably and 
selectively transmissive to provide more light energy to the retina as the wearer's pupil 
25 dilates. 

Whether in the form of a coating or other structure, the mask region 1 8 (FIGURE 1) 
and 19 (FIGURE 3) can have various selected levels of transmissivity. To take full 
advantage of the versatility in vision correction available in a pinhole contact lens according 

30 to the invention, the annular mask region is variably transmissive through the lens body to 
between approximately zero and 90% in the visible light spectrum. Opacity is generally 
desired for maximal visual sharpness. However, a person may want a to transmit more light 
energy through the annulus to avoid a sense of visual dimness, i.e. to attain more brightness. 
Typically, an annulus transmission of less than approximately twenty percent is sufficient for 

35 this purpose. The optical transmissivity of a mask region according to the invention can 
therefore vary from lens to lens, as well as within a lens, to attain vision having a selected 
balance of factors. For example, in one practice according to the invention, the annular mask 
transmits less light energy towards the pinhole aperture, and transmits relatively more light 
energy towards the outer edge of the contact. 
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Those skilled in the art will appreciate that the mask regions of the lenses 10 and 1 1 in 
FIGURES 1-3 can be constructed in several ways. One practice for achieving this 
transmissivity ^utilizes a light-blocking element 37, shown in Figure IC, configured with the 
5 body to restrict light passage through the lens body. Another practice uses a variably 

transmissive coating applied to, or manufactured with, the lens body. Yet another practice 
generates the annular mask with a plurality of light-blocking dots, which in total reduce the 
transmission of light energy through the annulus to the selected transmissivity, for example 
by between approximately ten and one hundred percent. Typically, however, the light- 
10 blocking dots restrict over eighty percent of the light energy transmitted through the annular 
mask. 

Still other practices for forming the annular mask region include Diazo contact 
printing, mesoprints, and reactive and VAT dyes. Other practices for forming the annular 

1 5 mask include a variety of methods for disrapting the surface or refractive properties of the 
lens in the area of the annular mask. For example, lasers or chemical etchants, or physical 
abrasives, are effectively used to disrupt the optical surface of the contact to change the 
transmission in the annular mask region to form the annular mask. Suitable techniques for 
disrupting and creating such optical surfaces are described in US. Patent 4,744,647, entitled 

20 "Semi-Opaque Corneal Contact Lens or Inraoccular Lens and Method of Formation", which 
is accordingly incorporated herein by reference. 

A particularly advantageous practice for achieving the variably transmissive annular 
mask utilizes PAD FLEX, or Italio Plate methodology, which is well-known to those skilled 
25 in the art. In PAD FLEX printing, for example, a silicone tip contacts an Italio plate engraved 
with a selectable pattem and covered with ink. The tip acquires the image from the Italio 
plate and then transfers the image without distortion onto a wide range of curved surfaces, 
such as a contact lens. 

30 Accordingly, a contact lens 10 (FIGURES 1-2) constmcted with a transmissive 

annulus 1 8, rather than a light-blocking annulus, may be sized with a diameter greater than 
the annulus 19 of FIGURE 3, Since light energy is transmitted throughout the annulus 18, 
more light energy is transmitted through the pupil 28 as the pupil dilates. Therefore, there is 
no requirement that the pupil 28 exceed the annulus diameter, such as illustrated in FIGURES 

35 3-3 A. However, the annulus 19 of FIGURES 3-3A is appropriately transmissive in some 
instances to further increase the light energy to the retina. 

The size of the emnular masks 18 and 19, FIGURES 2 and 3, provides certain 
advantages, particularly with respect to the pinhole aperture. For example, during eye 
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examinations, a doctor can pharmacologically dilate the pupil of a person wearing the contact 
lens, and examine the entire retina, up to the periphery. This generally cannot be done 
through a normal pupil that is approximately two milliineters or less in diameter. 

5 A contact lens constructed in accordance with the invention, such as the lens 10 of 

FIGURES 1-2, is colored, tinted, or otherwise shaded, when appropriate, by methods known 
in the art. This coloring or tintmg can be cosmetic, as it often is for many wearers of common 
contact lenses. It can also reduce the sometimes objectionable appearance of the annular 
mask 18 when viewed on the eye of the wearer. For example, the invention provides for an 

1 0 annulus that is matched to the wearer's iris. It also provides for an annulus that enhances or 
changes the appearance of the wearer's iris, if desired. 

In one preferred embodiment, the annular mask 18 is patterned to reduce the visual 
contrast of the borders or edges of the annular mask 18. FIGURE 4 shows the contact lens 10 
15 of FIGURE 1 with an outer edge 27, which is feathered to reduce the contrast of the edge 27 
as compared to the edge 26 of FIGURE 1. Other annulus patterns are possible, as long as the 
overall visual effect or appearance of the annulus 1 8 is reduced when viewed on the eye the 
wearer. 

20 The feathered edge 27 illustrates one example of a transmissive artifact that may form 

part of the annular mask 18 in accordance with the invention. Such a transmissive artifact 
represents an area with the annular mask region that is free of the light restricting matter, e.g., 
a light-blocking element or a variably transmissive coating, which can form the annular mask 
18. Another transmissive artifact is illustrated in FIGURE 5, showing the contact lens 10 of 

25 FIGURE 1 with a plurality of curved, arc-like transmissive artifacts 29. Preferably, these 

artifacts 29 are arranged in a geometrical optical configuration, such as shown in FIGURE 5, 
to improve the peripheral vision of the wearer, if needed. However, these artifacts 29 are to 
be carefully sized and shaped to alleviate undesirable diffraction effects which may be caused 
by the artifacts. One acceptable artifact shape is illustrated in FIGURE 5, whereby the 

30 diffraction pattern created by the artifacts 29 is spread out equally over the retina. The 
illustrated artifacts 29 have 60° arcs, relative to their radii of curvature, as illustrated in 
FIGURE 5, which diffract light to the retina in a pattern much like opposed 60° pie slices. 
Each respective artifact fills in the diffractive pattern, completing 360° at the retina. 

35 FIGURE 6 shows a preferred practice of the invention incorporating a bi-powered 

contact lens 46. The annular mask 48 and the first surface 50 of the lens 46 are arranged as 
described above with reference to FIGURES 1 and 1 A. The structure of the second surface 
52 of the contact lens 46 forms two regions that provide two distinct optical corrections. In 
the region defined by the pinhole aperture 54, the second surface 52 is optically configured to 
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correct the wearer's vision for in intermediate distance, between near and far objects. In 
addition, the second surface 52 in the region outside the aimular mask 48 is optically 
configured to correct the wearer^s vision for far objects. 

5 As shown in FIGURE 6, the light rays 56 which pass through the contact lens 46 enter 

both the pinhole aperture 54 and the region outside the annular mask 48 during lower lighting 
conditions, i.e., when the pupil 28 of FIGURE 2 is dilated. However, all of the light rays 56, 
which originate from the same object point, effectively focus at the retina, illustratively 
shown as 58, even with the differing optical corrections forming surface 52. The light rays 
1 0 56 which enter the pinhole aperture region 54 are subjected to greater refracting power at 

surface 52 yet still in focus at the retina 58 because of the large depth of focus created by the 
annulus 4&. The light rays 56 which pass outside the annular mask 48 are subjected to 
relatively less refractive power at surface 52 but also focus at the retina. 

15 Therefore, imder average lighting conditions, the pupil 28 of FIGURE 2 is somewhat 

contracted, and the light rays 56 enter only through the pinhole aperture 54, focusing at a 
point between near and far vision. In dim lighting conditions, the pupil 28 of FIGURE 3 is 
dilated, and the light rays 56 are focused both intermediately within the pinhole 54 and at far 
objects outside the mask 48. 

20 

The bi-powered nature of the contact lens 46, together v^th the annular mask 48, 
enables the wearer to view both far and near objects under the differing light intensities. The 
intermediate optical power inside the annular mask 48 and the pinhole aperture 54 provide for 
the large depth of field. 

25 

FIGURE 7 shows another contact lens 62 according to the invention and which 
incorporates selective blocking by a mask 64. A pinhole aperture 66 and the annular mask 
diameter 68 are formed by the mask 64 as described above with reference to FIGURES 1, 2 
and 2A. The mask 64 is, in addition, selectively applied to regions 64a outside the annulus 
30 outer diameter 68 to block light energy striking highly irregular portions 70 of the iris which 
may contribute undesirable image effects. The two illustrated regions 64a are annular 
portions contiguous with the mask region within the diameter 68. For example, a damaged 
iris, or iris regions removed in surgery, would be candidates for selective blocking by a mask 
region 64a, thereby reducing the negative visual image effects relative to those areas 70. 

35 

Because the mask 64, including regions such as 64a, can be non-symmetric, the 
contact lens 62 can be weighted, such as with a prism ballast of FIGURE IB, to maintain a 
particular orientation on the wearer's eye. 
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It is thus seen that the invention efficiently attains the objects set forth above, among 
those apparent in the preceding description. In particular, the invention provides an annular 
mask contact lens capable of correcting human vision under differing lighting conditions and 
viewing distances. ; 

5 

It will be understood that changes may be made in the above constructions without 
departing from the scope of the invention- For example, the arrangement and size of the 
annular mask 18, as shown in FIGURES 1 and lA, can be selected for a particular wearer to 
optimize the visual correction available in the pinhole contact lens 10. In another example, 

10 the contact lens body 12 can be constructed with a yellow appearance, giving the wearer a 
physiological impression of brighter lighting. In a further example, the contact lens 1 0, 1 1, 
46, and 62 in FIGURES 1-7, can be constructed with materials, or combinations of materials, 
forming a soft, gas peraieable, hard and semi-hard contact lens. Those skilled in the art will 
appreciate that the invention can also aid wearers suffering from other vision deficiencies 

1 5 and disorders. 

It is accordingly intended that all matters contained in the above description or shown 
in the accompanying drawings be interpreted as illustrative rather than in a limiting way. 

20 It is also to be understood that the following claims are intended to claim all of the 

specific and generic features of the invention as described herein, and all the statements of the 
scope of the invention which fall therebetween. 
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Claims ; 

1. A contact lens having an optically transparent lens body and having the improvement 
in which, 

said lens body has a fir?t surface substantially configured to conform to the eye 
5 curvature of a wearer, 

said lens body has a second surface optically configured, in conjunction with said first 
surface, to correct the vision of the wearer selectively at a focus between and including far 
and near objects, and 

10 

said lens body has an annular mask region of selected optical transmissivity and 
arranged for 

(i) forming a substantially pinhole-like aperture which transmits light energy 
1 5 through the pupil of the wearer, 

(ii) transmitting less light energy through the pupil of the wearer during average 
lighting conditions, and 

20 (iii) permitting more light energy to pass through said lens body as the pupil of the 

wearer dilates during lower lighting conditions. 

2. A contact lens according to claim 1 having the further improvement wherein said 
second surface has an optical configuration outside said annular mask region which corrects 

25 the vision of the wearer selectively at a focus between and including near and far objects, said 
second surface thereby forming a multi-powered surface. 

3. A contact lens according to claim 1 having the further improvement wherein said 
second surface has an optical correction, such as an aspheric, convex, concave, or tone 

30 correction, for correcting the vision of the wearer. 

4. A contact lens according to claim 1 having the further improvement wherein said first 
surface has an optical correction, such as an aspheric or toric correction, for correcting the 
vision of the wearer. 

35 

5. A contact lens according to claim 1 having the further improvement wherein said lens 
body consists essentially of oxygen permeable material. 
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6, A contact lens according to claim 1 having the further improvement wherein said lens 
body consists essentially of flexible polymer material forming a soft contact lens. 

. 7. A contact lens according to claim 1 having the further improvement wherein said lens 
5 body has an outer diameter of between approximately seven and eighteen millimeters. 

8. A contact lens according to claim 1 having the further improvement wherein said 
pinhole aperture has a diameter of between approximately one-half and three millimeters. 

10 9. A contact lens according to claim 1 having the further improvement wherein said 

annular mask region forms an annulus with a radial width of between approximately one-half 
and four millimeters. 

10. A contact lens according to claim 1 having the further improvement wherein said 
15 annular mask region has a diameter of approximately four and one-half millimeters. 

11. A contact lens according to claim 1 having the further improvement comprising 
means for selectively coloring said contact lens. 

20 12. A contact lens according to claim 1 having the further improvement wherein said 
optical transmissivity is between approximately zero and ninety percent in the visible 
electromagnetic spectrum. 

13. A contact lens according to claim 1 having the fiirther improvement wherein said 

25 annular mask region comprises means forming a plurality of light-blocking dots arranged for 
selectively reducing the transmission of light energy through said annultu: mask region by 
between approximately ten and one hxmdred percent. 

14. A contact lens according to claim 1 having the further improvement wherein said 
30 annular mask region is selectively translucent. 

15. A contact lens according to claim 1 having the further improvement wherein said lens 
body includes means for restricting the motion of said lens body on the eye of the wearer to 
less than approximately one and one-half millimeter. 

35 

16. A contact lens according to claim 1 5 having the further improvement wherein said 
means for restricting the motion includes a prism ballast. 
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17. A contact lens according to claim 1 having the further improvement wherein said lens 
body further comprises, means for centering said aperture at the pupil of the wearer. 

18. A contact lens according to claim 1 having the further improvement wherein said 

5 annular mask region has at least one artifact representing an area that transmits light energy 
through said lens body with a transmission similar to the transmission of light energy through 
said aperture. 

19. A contact lens according to claim 1 8 having the further improvement wherein said 

1 0 artifact has geometrical optical structure arranged for improving the peripheral vision of the 
wearer. 

20. A contact lens according to claim 1 8 havmg the further improvement wherein said 
mask region has a plurality of arc-shaped artifacts to equally spread diffractive light at the 

1 5 retina. 

21 . A contact lens accordmg to claim 1 having the further improvement wherein said 
annular mask region is selectively patterned, colored or tinted for reducing the appearance of 
said annular mask region when viewed on the eye of the wearer. 

20 

22. A contact lens according to claim 1 having the further improvement wherein said 
annular mask region is selectively colored or tinted for matching, enhancing, or changing the 
appearance of the iris color of the wearer. 

25 23 . A method for manufacturing a contact lens, comprising the steps of 

(A) forming a contact lens body with a first surface configured to substantially conform to 
the eye curvature of a wearer and with a second surface configured, in conjxmction with said 
first surface, to correct the vision of the wearer selectively at a focus between and including 

30 near and far objects, 

(B) providing an annular mask region of selected optical transmissivity with said lens 
body, wherein 

3 5 (i) said annular mask region forms a substantially pinhole-like aperture which transmits 
light energy through the pupil of the wearer, 



(ii) said annular mask region reduces the light energy through the pupil of the wearer 
during average lighting conditions, and 
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(iii) said annular mask region permits more light energy to pass through the pupil of the 
wearer during lower lighting conditions as the pupil dilates. 

5 24. A method according to claim 23 comprising the further step of providing an optical 
correction outside said annular mask region which selectively corrects the vision of the 
wearer at a focus between and including near and far objects, said second surface thereby 
fomiing a multi-powered surface. 

10 25. A method according to claim 23 comprising the further step of providing an optical 
correction, such as with an aspheric, toric, convex or concave form, on said second siurface. 

26. A method according to claim 23 comprising the further step of providing an optical 
correction, such as with an aspheric, toric or concave form, on said first surface. 

15 

27. A method according to claim 23 comprising the further step of optimizing the size of 
the said annular mask region to fit the pupil size of the wearer. 

28. A method according to claim 23 comprising the further step of providing additional 
20 mask to selectively block portions of the pupil of the wearer that contribute imdesirable 

image effects. 

29. A method according to claim 23 comprising the further step of weighting or shaping 
said lens body for maintaining a particular orientation on the eye of the wearer. 

25 

30. A method according to claim 23 comprising the further step of weighting or shaping 
said lens body for centering said aperture at the pupil of the wearer. 

31. A method according to claim 23 comprising the further step of weighting or shaping 
30 said lens body for restricting the motion of said lens body on the eye of the wearer to less 

than approximately one and one-half millimeters. 

32. A method according to claim 23 wherein the step of providing an annular mask region 
of selected optical transmissivity includes the step of providing light-blocking areas arranged 

35 for selectively reducing the transmission of light energy through said aimular mask region by 
between approximately ten and one hundred percent. 



33. A method according to claim 23 wherein said mask region the step of providing an 
annular mask region of selected optical transmissivit}' includes the step of providing variable 
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transmission coatings such that light energy is selectively transmitted through said aimular 
mask region by between approximately zero and ninety percent. 



34. A method according to claim 23 wherein the step of forming a lens body includes the 
5 step of forming a lens body having a diameter between approximately seven and eighteen 
millimeters. 



35. A method according to claim 23 wherein the step of providing an annular mask region 
includes the step of forming an aperture with a diameter of between approximately one-half 

1 0 and three millimeters. 

36. A method according to claim 23 wherein the step of providing an annular mask region 
includes the step of forming an annulus with a radial width of between approximately one- 
half and four millimeters. 

15 

37. A method according to claim 23 comprising the further step of selectively coloring or 
tinted said contact lens. 



38. A method according to claim 23 wherein the step of providing an annular mask region 
20 includes the step of providing a light-restricting element within said lens body. 

39. A method according to claim 23 comprising the further step of configuring said first 
surface such that said lens body is restricted for movement on the eye of the wearer to less 
than approximately one and one-half millimeter. 

25 

40. A method according to claim 23 comprising the further step of forming light 
transmitting artifacts within said annular mask region, said artifacts representing area that 
transmits light energy through said lens body with a transmission similar to the transmission 
through said aperture. 

30 

41 . A method according to claim 40 comprising the further step of arranging said artifacts 
in a geometrical optics configuration for improving the peripheral vision of the wearer. 

42. A method according to claim 40 wherein said step of forming the artifacts comprises 
35 the additional step of arranging the artifacts in the annulus to equally spread diffractive light 

created by said artifacts at the cornea. 
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43. A method according to claim 23 comprising the further step of patterning, coloring, or 
tinting said annular mask region to reduce the appearance of said annular mask region when 
viewed on the eye of the wearer. 

5 44. A non-surgical method for treating wearers with visual aberrations, said method 
comprising the steps of 



(A) fitting at least one eye of a wearer with a first contact lens configured to correct the 
vision of a wearer at a focus between and including near and far objects, 

10 

(B) providing an annular mask region of selected optical transmissivity to said contact 
lens, wherein 

(i) said annular mask region forms a substantially pinhole-like aperture for the pupil of 
15 the wearer, 

(ii) said aimular mask region obscures the pupil of the wearer during average lighting 
conditions except for said small aperture, 

20 (iii) said annular mask region permits more light energy to pass through the pupil of the 
wearer during lower lighting conditions as the pupil dilates. 



25 



45. A method according to claim 44, comprising the further step of fitting only one eye of 
the wearer with said first contact lens and fitting the other eye with a contact lens of selected 
power that is substantially free of an annular mask region. 
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